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DESCRIPTION 



LASER MODULE AND 
METHOD FOR MANUFACTURING THE SAME 

5 

TECHNICAL FIELD 

The present invention relates to a laser module with a 
semiconductor laser and an optical waveguide device moimted on a 
sub-mount and a method for manufacturing the same. 

10 

BACKGROUND ART 

In recent years, optical disc devices have increased in capacity by 
virtue of a shorter wavelength of a light source, a larger NA of a lens and 
the like. For a shorter wavelength of a hght source, digital versatile discs 

15 (DVDs) adopt an AlGalnP based red semiconductor laser at 650 nm for 

realizing information reproduction with a higher density, whereas compact 
disc devices adopt near-infrared Ught at 780 nm. In order to reahze a 
next- generation optical disc device with a still higher density, the 
development of practical blue Hght sources have become imperative. 

20 As one measure for realizing a blue laser, a quasi-phase-matched 

second-harmonic- generation (hereinafter abbreviated as QPM-SHG) 
technology is available, which is an optical waveguide quasi phase matching 
system using a wavelength conversion device. Compared with 
direct- emission tj^e GaN based blue semiconductor lasers receiving 

25 attention recentiy, a SHG blue laser employing the QPM-SHG technology 
has the merits of low noise (-145 dB/Hz) and a smaU variation in 
wavelength and divergence angle, and a small driving voltage (2 V) of an 
AlGaAs based semiconductor laser that is the source of the fundamental 
wave. In order to allow a SHG blue laser to be used as a Ught source for 

30 optical discs, such a laser must be reduced in size and weight. In this 
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regard, since a planar type direct-coupled SHG blue laser does not require a 
lens for a coupling system, sufficient miniaturization can be realized (See for 
example, JP 3156444 B, pp 4 to 6, Fig. 7). 

Fig. 13 shows a configuration of a planar type direct-coupled SHG 
5 blue laser module. On a Si sub-mount 1, an optical waveguide QPM-SHG 
device 2 and a wavelength tunable DBR semiconductor laser 3 are mounted. 
The SHG device 2 is composed of a ridge type optical waveguide 5 and a 
periodically domain-inverted region 6 that are formed on an X-cut 
MgO doped LiNbOa substrate 4. The LiNbOa substrate 4 is joined to the 

10 sub-mount 1 by an adhesive layer 7 made of an ultraviolet-curing adhesive. 
The sub-mount 1 is joined to a package 9 shaped hke a box with an Ag paste 
8. In a wall of the package 9, an aperture 9a is provided for letting light 
output from the SHG device 2 outside. 

The SHG device 2 is configured so that a difference in propagation 

15 speed between a fundamental wave hght and a second harmonic light 
generated by the semiconductor laser 3 can be compensated by the 
periodically domain-inverted region 6 so as to satisfy a quasi phase 
matching condition. Since the fundamental wave and the harmonics 
propagate through the ridge type optical waveguide 5 as guided waves, a 

20 long interaction length can be ensured, thus reahzing a high conversion 
efficiency. 

In order to allow such a SHG blue laser module to be smaller, Ughter 
and have a lower cost, the miniaturization of various components is required. 
Then, an attempt has been made for the miniaturization of a SHG blue laser 
25 module, where the device width of the LiNbOa substrate 4 constituting the 
SHG device 2 was reduced from 3 mm to 0.85 mm and the width and the 
thickness of the Si sub -mount 1 were reduced from 5 mm to 2 mm and from 
0.8 mm to 0.3 mm, respectively. 

As a resvdt of the miniaturization, the SHG device 2, the sub mount 
30 1 and the package 9 became vulnerable to an influence of swelling when the 
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temperature increases. Because of the narrow device width of the SHG 
device 2, the bonding area of the adhesive layer 7 is reduced in the width 
direction, resulting in deterioration of the adhesive strength. Further, as a 
resiilt of the decrease in thickness of the sub -mount 1, the sub mount 1 
5 becomes easy to bend even under a small stress, thus further increasing a 
tendency to generate misalignment of coupling between the SHG device 2 
and the semiconductor laser 3 during a temperature change as compared 
with that in the conventional device size. The coupling misalignment 
during a temperature change occurs not only at the time of securing to the 

10 sub -mount 1 but also during various rehability tests for a module, such as a 
heat cycle test, a high temperature holding test and a high temperature and 
high humidity test. 

In the optical waveguide wavelength conversion type SHG device, a 
blue Hght power as a harmonic power is proportional to the square of a 

15 coupled power of infrared hght as fundamental wave, and therefore 

deterioration of the coupled power of the infrared hght due to the coupUng 
misahgnment causes considerable deterioration of the output of the blue 
hght. The coupling misahgnment due to a temperature change in the 
operating environment also becomes likely to occur, so that temperature 

20 characteristics of the SHG blue laser are affected. That is to say, during 
the high temperature operation, e.g., during the operation at 60°C, 
deterioration of the output of the blue hght becomes remarkable due to 
deterioration of the coupling efficiency between the semiconductor laser and 
the SHG device. 

25 The deterioration of the coupling efficiency due to the coupling 

misahgnment is not a problem limited to the SHG device, but this is serious 
also for the case where a semiconductor laser and an optical waveguide 
device, e.g., an optical fiber, are secured on a sub-moimt for optical coupling. 

30 DISCLOSURE OF THE INVENTION 
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An object of the present invention is to avoid coupling misalignment 
between a semiconductor laser and an optical waveguide device of a laser 
module resulting from a temperature increase during the manufacturing of 
the laser module, ia which the semiconductor laser and the optical 
5 waveguide device are secured on a sub-mount for optical coupling, so as to 
improve the manufacturing yield of the laser module. Another object of the 
present invention is to suppress deterioration of a coupled power of infirared 
light and an output of blue light, resulting from coupling misalignment due 
to a temperature change during storage or operating of the manufactured 
10 module. 

A laser module of the present invention includes- a sub-mount; a 
semiconductor laser secured to a surface of the sub-mount; and an optical 
waveguide device joined to the surface of the sub-mount by an adhesive 
layer so that the optical waveguide device is coupled optically with the 

15 semiconductor laser. A first groove is formed at the surface of the 

sub-mount at a region corresponding to an incident end side of the optical 
waveguide device, the first groove being formed parallel to an outgoing end 
face of the semiconductor laser with a predetermined space therefrom. The 
adhesive layer is formed so that an end of the adhesive layer on the incident 

20 end side of the optical waveguide device is positioned within a range from a 
position abutting with a distal edge of the first groove distant from the 
semiconductor laser to an inside of the first groove and does not contact with 
the outgoing end face of the semiconductor laser. 

A laser module manufacturing method of the present invention is for 

25 manufacturing a laser module including^ a sub -mount; a semiconductor 
laser secured to a surface of the sub-mount; an optical waveguide device 
joined to the surface of the sub-moimt by an adhesive layer so that the 
optical waveguide device is coupled optically with the semiconductor laser, 
and a package to which the sub-moimt is secured. 

30 A fijTSt manufacturing method includes the steps carried out in this 
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stated order- forming a groove at the surface of the sub-mount at a region 
corresponding to an incident end side of the optical waveguide device and 
securing the semiconductor laser at a predetermined position close to the 
groove so that an outgoing end face of the semiconductor laser is parallel to 
5 the groove; providing the adhesive layer so that an end of the adhesive layer 
on the incident end side of the optical waveguide device is positioned within 
a range from a position abutting with a distal edge of the first groove distant 
from the semiconductor laser to an inside of the first groove and does not 
contact with the outgoing end face of the semiconductor laser, and joining 

10 the optical waveguide device to the surface of the sub-mount by the adhesive 
layer; and securing the sub-mount to the package. 

A second manufacturing method includes the steps carried out in 
this stated order" forming a groove at the surface of the sub-mount at a 
region corresponding to an incident end side of the optical waveguide device 

15 and securing the semiconductor laser at a predetermined position close to 

the groove so that an outgoing end face of the semiconductor laser is parallel 
to the groove; securing the sub mount to the package; and providing the 
adhesive layer so that an end of the adhesive layer on the incident end side 
of the optical waveguide device is positioned within a range from a position 

20 abutting with a distal edge of the first groove distant from the 

semiconductor laser to an inside of the first groove and does not contact with 
the outgoing end face of the semiconductor laser, and joining the optical 
waveguide device to the surface of the sub -mount by the adhesive layer. 

25 BRIEF DESCRIPTION OF DRAWINGS 

Fig. lA. 1 is a cross-sectional view of a SHG blue laser module of 
Embodiment 1 of the present invention, and Fig. IB is a plan view of the 
same. 

Fig. 2 shows a relationship of an infrared light coupled output 
30 versus a distance between an adhesive layer secured at one position and a 
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semiconductor laser. 

Fig. 3 A shows temperature characteristics of a conventional SHG 
blue laser module, and Fig. 3B shows temperature characteristics of the 
SHG blue laser module of Embodiment 1. 
5 Fig. 4Ais a cross-sectional view of a SHG blue laser module of 

Embodiment 2 of the present invention, and Fig. 4B is a plan view of the 
same. 

Fig. 5 shows a relationship of a coupled power versus a distance 
between an adhesive layer secured at two positions and a semiconductor 
10 laser. 

Fig. 6Ais a cross-sectional view of another exemplary SHG blue 
laser module of Embodiment 2 of the present invention, and Fig. 6B is a 
plan view of the same. 

Fig. 7 shows manufacturing steps of a SHG blue laser module of 
15 Embodiment 3. 

Fig. 8 shows manufacturing steps of a SHG blue laser module of 
Embodiment 4. 

Fig. 9Ais a cross-sectional view of a SHG blue laser module of 
Embodiment 5 of the present invention, and Fig. 9B is a plan view of the 
20 same. 

Fig. lOAis a cross -sectional view of a SHG blue laser module of 
Embodiment 6 of the present invention, and Fig. lOB is a plan view of the 
same. 

Fig. 11 is a plan view of a SHG blue laser module of Embodiment 7 
25 of the present invention. 

Fig. 12 A is a cross-sectional view of a SHG blue laser module of 
Embodiment 8 of the present invention, and Fig. 12B is a plan view of the 
same. 

Fig. 13 is a cross-sectional view of a conventional SHG blue laser 
30 module. 



6 



BEST MODE FOR CARRYING OUT THE INVENTION 

According to the laser modvile of the present invention, the first 
groove is formed at the surface of the sub-mount so as to be positioned close 
5 to the outgoing end face of the semiconductor laser. With this configuration, 
a position of the adhesive layer for securing the optical waveguide device 
can be controlled within a preferable range. As a result, coupling 
misalignment between the semiconductor laser and the optical waveguide 
device, resulting from distortion due to a thermal change, can be suppressed, 
10 so that rehability of the infrared light coupled output and the blue Ught 
output under storage environment and operating environment can be 
ensured. 

Further, the groove formed can prevent the adhesive from coming 
around to the outgoing end face of the semiconductor laser when mounting 

15 the optical waveguide device, thus enhancing assembhng jdelds when 
manufacturing a module. 

In the laser module of the present invention, preferably, a distance D 
between the outgoing end face of the semiconductor laser and a proximal 
end of the adhesive layer satisfies 0 mm < D < 0.2 mm. Further, the 

20 adhesive layer may be provided partially at one position dose to an incident 
end face of the optical waveguide device. 

Alternatively, the adhesive layer may be provided partially at least 
at two positions close to an incident end face of the optical waveguide device 
and close to the outgoing end face of the optical waveguide device. In that 

25 case, preferably, a second groove is formed at the surface of the sub-mount 
at a region corresponding to an outgoing end side of the optical waveguide 
device, the second groove being formed parallel to the outgoing end face of 
the optical waveguide device, and the adhesive layer close to the outgoing 
end face is provided along the second groove. It is preferable that an area 

30 of the adhesive layer close to the incident end face be larger than an area of 
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the adhesive layer close to the outgoing end face. 

Preferably, a third groove is formed at the surface of the sub-mount 
at a region corresponding to the incident end side of the optical waveguide 
device, the third groove being formed parallel to the first groove and being 
5 positioned between the first groove and the outgoing end face of the optical 
waveguide device. In that case, it is preferable that a distance LI between 
the first groove and the third groove satisfy 1 mm < Ll < L/2, where L 
denotes a length of the optical waveguide device. 

Preferably, a fourth groove is formed at the surface of the sub -mount 

10 at a region corresponding to the outgoing end side of the optical waveguide 
device, the fourth groove being formed parallel to the second groove and 
being positioned between the second groove and the incident end face of the 
optical waveguide device. In that case, it is preferable that a distance L2 
between the second groove and the fourth groove satisfy 1 mm < L2 < L/2, 

15 where L denotes a length of the optical waveguide device. 

Preferably, a thickness Tl of the optical waveguide device satisfies 
Tl < 1 mm. Preferably, a width W of the optical waveguide device satisfies 
W < 0.85 mm. Preferably, a length L of the optical waveguide device 
satisfies L > 10 mm. Preferably, a thickness T2 of the sub -mount satisfies 

20 T2 < 0.3 mm. 

As the optical waveguide device, a quasi-phase-matched second 
harmonic generation (QPM-SHG) device may be used. Further, as the 
optical waveguide device, an optical fiber may be used. 

According to the first laser module manufacturing method of the 

25 present invention, when an optical waveguide device is secured at two 
positions, bonding and securing on the incident end side are performed, 
followed by the securing of a sub -mount to a package, and then bonding and 
securing on the outgoing end side are performed. Therefore, coupling 
misalignment resulting from distortion due to a thermal change during the 

30 securing of the sub -mount to the package can be avoided, whereby reliabihty 



of the coupled output of the infrared Ught and the blue Hght can be ensured. 

According to the second manufacturing method, after securing a 
sub-mount to a package, an optical waveguide device is bonded and secured 
on the sub-mount. Therefore, the effect of avoiding the coupling 
5 misalignment, resulting from distortion due to a thermal change during the 
securing of the sub-moimt to the package, is larger than that of the first 
manufacturing method. 

In the first and the second manufacturing methods, preferably, after 
completion of all of the steps, an adhesive is poured into a gap between a 
10 position close to an outgoing end face of the optical waveguide device and 
the sub -mount, whereby the position close to the outgoing end face of the 
optical waveguide device is secured to the sub -mount. 

The following describes embodiments of the present invention more 
specifically, with reference to the drawings. 
15 Embodiment 1 

Referring to Figs. lA and IB, a SHG blue laser module of 
Embodiment 1 will be described below. Fig. lA is a cross-sectional view 
and Fig. IB is a plan view. The basic configuration of this laser module is 
similar to that of the conventional example shown in Fig. 13, and therefore 
20 the same reference numerals are assigned to similar elements for their 
explanations. 

On a Si sub^mount 10, an optical waveguide QPM-SHG device 2 and 
a wavelength tunable DBR semiconductor laser 3 are mounted. The SHG 
device 2 as an optical waveguide conversion device is composed of a ridge 

25 type optical waveguide 5 and a periodically domain-inverted region 6 that 
are formed on an X-cut MgO-doped LiNbOa substrate 4. The LiNbOa 
substrate 4 is joined to a sub-mount 10 by an adhesive layer 11 made of an 
ultraviolet-curing adhesive. The sub-mount 10 is bonded to a package 9 
shaped like a box with an Ag paste 8. In a wall of the package 9, an 

30 aperture 9a is provided for letting Hght output from the SHG device 2 
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outside. 

In the present embodiment, a first groove 12 is formed at a surface 
of the sub-mount 10. The first groove 12 functions as a configuration for 
controlling the position of the adhesive layer 11 close to the outgoing end of 
5 the semiconductor laser 3 when the SHG device 2 is secured at one position 
on the sub-mount 10 by the adhesive layer 11. By controUing the position 
of the adhesive layer 11 in this way, the stabihty of the coupled power of the 
fundamental wave and the output of the blue light can be ensured when a 
temperature of the module changes. The effect will be described later. 

10 The first groove 12 is formed perpendicular to the optical axis 

direction with the width of 0.2 mm and the depth of 50 pun, for example, and 
in the form of the letter V by etching. Therefore, the first groove 12 is 
parallel to the outgoing end face of the semiconductor laser 3. The first 
groove 12 normally may be disposed at a position abutting with the outgoing 

15 end face of the semiconductor laser 3, i.e., at a position with a space from 
the outgoing end face of the semiconductor laser 3 of 0. In general, the 
position of the first groove 12 can be set by considering how to apply an 
adhesive for forming the adhesive layer 11 so that the distance firom the 
outgoing end face of the semiconductor laser 3 can be a predetermined space. 

20 This first groove 12 leads to the following two effects. 

The first effect is to align the adhesive layer 11 with reference to the 
first groove 12, so as to facihtate the control of a distance D between the end 
of the adhesive layer 11 and the outgoing end face of the semiconductor 
laser 3 (see Fig. lA) within a predetermined range. The distance D refers 

25 to a space between the outgoing end face of the semiconductor laser 3 and 
the proximal end of the adhesive layer 11, i.e., the end on the side facing the 
semiconductor laser 3. Note here that, since the portion of the adhesive 
layer 11 joined to the SHG device 2 contributes to the securing of the SHG 
device 2, the end is defined as an end of a portion of the adhesive layer 11 

30 that contacts with the SHG device 2. 

10 



The adhesive layer 11 is provided so that its end contacts with the 
edge of the first groove 12 distant from the semiconductor laser 3. Herein, 
the end of the adhesive layer 11 generally forms a curve and not a hne, and 
therefore "contacting"' means the state where at least a part of the end 
5 contacts with the first groove 12. Further, "contacting^' may be a 

"substantially contacting^' state. That is to say, this is not limited to the 
state where the planar position of the edge of the first groove 12 and the end 
of the adhesive layer 11 agree with each other, but includes also the state 
where the end of the adhesive layer 11 enters into the first groove 12. The 

10 state where the end of the adhesive layer 11 is slightly apart from the edge 
of the first groove 12 also is included herein. That is to say, "substantially 
contacting^' includes sufficient proximity of the end of the adhesive layer 11 
to the first groove 12, which may include a some degree of error from which 
the effect of the alignment by the first groove 12 can be obtained. Thus, 

15 practically, the end of the adhesive layer 11 can be positioned within a range 
from the position abutting with the edge of the first groove 12 distant from 
the semiconductor laser 3 to the inside of the first groove 12. It should be 
noted here that the adhesive layer 11 needs to be disposed so as not to 
contact with the outgoing end face of the semiconductor laser 3. 

20 The position of the adhesive layer 11 preferably is controlled so that 

the above-stated distance D is within 0.2 mm. The provision of the first 
groove 12 facilitates such control of alignment. The effect of the distance D 
within 0.2 mm will be described below, with reference to Fig. 2. The 
horizontal axis of Fig. 2 shows the distance D between the semiconductor 

25 laser 3 and the adhesive layer 11, The circle mark • shows the distribution 
of the distance D in the module of the present embodiment. It is found that 
the distance D can be controlled at about 0.2 mm. 

The vertical axis of Fig. 2 shows the relationship of the infirared light 
coupled output versus the distance D. In order to investigate this 

30 relationship, a sub-mount with the SHG device 2 mounted thereon was 
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aligned in a package, followed by a heat treatment at 80°C for 2 hours (Ag 
paste curing condition). As shown in Fig. 2, when the distance D was not 
more than 0.2 mm, the infrared light coupled output after securing to the 
package was the same as the output prior to the securing to the package. 
5 This shows that the sub-mount can be secured in the package without 
coupling misalignment. As stated above, the module of the present 
embodiment allows the distance D to be controlled at about 0.2 mm, and 
therefore the coupling misalignment can be suppressed sufficiently. 
Incidentally, if the distance D is not more than 0.2 mm, the infrared hght 

10 coupled output can be maintained as shown in Fig 2. Therefore, it is 

possible to control so that the distance D becomes not more than 0.2 mm. 

On the other hand, square marks ■ of Fig. 2 show the distribution of 
the distance D in the module manufactured to have the module 
configuration (Fig. 13) using the conventional sub -mount. Since the first 

15 groove 12 is not formed, the apphcation position of the adhesive cannot be 
controlled, so that the distance D varies beyond 0.2 mm. In the case of the 
distance D exceeding 0.2 mm, the coupling misalignment of the SHG device 
2 after the securing to the package will be large, thus increasing 
deterioration of the infrared Ught coupled output. 

20 The LiNbOa substrate constituting the SHG device, the Si 

sub-mount and Cu as a material of the package have different linear 
expansion coefficients. For that reason, during the heat treatment process 
for securing to the package, since the temperature rises from 25°C as a room 
temperature to 80*^0, each material has a different swelling amount, so that 

25 distortion occurs where the secured point by the adhesive serves as a base 
point. In the case where the adhesive layer is closer to the outgoing end 
face of the semiconductor laser, the secured position of the SHG device can 
be held even when distortion occurs during the temperature rise, so that 
coupling misahgnment does not occur. However, if the adhesive layer is 

30 distant from the outgoing end face of the semiconductor laser, the coupling 



misalignment due to distortion increases along with deterioration of the 
infrared light coupled output during the temperature rise. 

The main factors of increasing the tendency of the coupling 
misahgnment occurring due to distortion include the following conditions* 
5 l) Deterioration of adhesive strength resulting from a decrease of 

the bonding area due to the narrow SHG device width (e.g., 0.85 mm); 

2) Bending of the SHG device in the optical axis direction due to the 
long SHG device length (10 to 12 mm); and 

3) Distortion of the Si sub -mount due to the thin Si sub-mount (e.g., 
10 0.3 mm). 

In order to realize the miniaturization of the module, the narrowing 
of the SHG device width and the thinning of the Si sub-mount are necessary 
as shown in l) and 3). Further, in order to realize a higher output of the 
module, a high conversion efi&ciency is necessary, and therefore it is 

15 necessary to ensure the SHG element length as in 2) also so as to lengthen 
the interaction length. As in the present embodiment, the first groove 12 is 
formed in the Si sub-mount 10 so as to control the position of the adhesive 
layer 11, whereby the coupling misalignment of the SHG device 2 after the 
securing to the package can be avoided while ensuring the device 

20 configurations shown in l) to 3). 

In view of the above, the configuration of the present embodiment is 
especially effective for the application to the following module. 

The thickness Tl of an optical waveguide device is Tl<lmm. Such 
a thin optical waveguide device has a small substrate thickness, and 

25 therefore it is effective in terms of the cost and the miniaturization of the 
module. 

The width W of the optical waveguide device is W<0.85 mm. Since 
one wafer can yield an increased number of devices, this configuration leads 
to the reduction of cost and is effective for the miniaturization of the 
30 module. 



The len^h L of the optical waveguide device is L>10 mm. A longer 
length of the optical waveguide device enables the enhancement of a 
conversion efficiency and is effective for obtaining a higher output. 

The thickness T2 of the sub-mount is T2<0.3 mm. Since the 
5 sub -mount substrate can be made thinner, this is effective in terms of the 
cost and the miniaturization of the module. 

The second effect of the provision of the first groove 12 is to have a 
function of preventing an ultraviolet-curing adhesive for forming the 
adhesive layer 11 from flowing into the end face of the semiconductor laser 3 

10 during the mounting of the SHG device 2 after the apphcation of the 
adhesive thereto. This will be described below. 

For the case of using the sub -mount 1 without the groove as shown 
in Fig. 13, an attempt was made so as to bring the adhesive layer 7 closer to 
the outgoing end face of the semiconductor laser 3 within 0.2 mm, which 

15 was for avoiding the couphng misalignment during a temperature change. 
To this end, when the adhesive was apphed closer to the outgoing end face of 
the semiconductor laser 3, the adhesive moved toward the semiconductor 
laser 3 during the alignment of the SHG device 2 and often came around to 
the end face of semiconductor laser 3. When the adhesive comes around to 

20 the end face of the semiconductor laser 3, the outgoing end face deteriorates 
during the light emission of the semiconductor laser 3, thus causing a 
deterioration in power. On the other hand, in the case of the groove formed 
as in the present embodiment, the coming around of the adhesive to the end 
face of the semiconductor laser 3 can be avoided, whereby yields of 

25 assembling the SHG device 2 can be improved. 

The position of the first groove 12 preferably is set so that the 
distance from the outgoing end face of the semiconductor laser 3 is within 
the range of 0 to 0.2 mm. Such a range makes it easy to control the 
distance D between the end of the adhesive layer 11 and the outgoing end 

30 face of the semiconductor laser 3 within 0.2 mm with reference to the first 



groove 12. Further, the width of the first groove 12 preferably is smaller 
than 0.2 mm. A groove width exceeding this makes it difficult to control 
the distance between the adhesive layer 11 and the semiconductor laser 3 to 
be less than 0.2 mm, thus causing the misahgnment when a temperature 
5 changes. A narrower groove width makes it easier to control the position of 
the adhesive layer 11 at a desirable position, but the adhesive becomes 
likely to come around to the semiconductor laser 3 side or to the waveguide 
portion of the SHG device 2. In such a case, the coming around of the 
adhesive can be avoided by providing an escape groove or by deepening the 

10 groove. Note here that the adhesive flowing into the first groove 12 also 
functions to join the SHG device 2 depending on the thickness of the 
adhesive layer, and therefore the position of the adhesive layer 11 should be 
set with consideration given to this. 

Further, according to the present embodiment, the adhesive layer 11 

15 is positioned close to the incident end face of the SHG device 2 as well (at 

the position of 0.2 mm from the incident end). This is because the outgoing 
end face of the semiconductor laser 3 and the incident end face of the SHG 
device 2 normally are coupled directly with a space of about 0 |im 
therebetween. Since the adhesive layer 11 is positioned close to the 

20 incident end face of the SHG device 2, an influence of the swelling of the 
SHG device 2 in the optical axis direction during a temperature rise can be 
alleviated as follows. 

A portion of the SHG device 2 located on the incident end side with 
reference to the position secured by the adhesive swells longer with 

25 decreasing proximity of the secured position to the incident end face of the 
SHG device 2. The linear expansion coefiELcient of the SHG device 2 is 14 x 
10"^. Therefore, in the case where the secured position is 0.5 mm away 
fi:om the incident end face of the SHG device 2, the SHG device 2 expands 
by about 0.4 |im in the optical axis direction, i.e., toward the outgoing end 

30 face of the semiconductor laser 3 during the temperature rise from 25°C to 
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80°C. Since the space between the incident end face of the SHG device 2 
and the outgoing end face of the semiconductor laser 3 is about 0 |im, a 
possibility of the breakage of the semiconductor laser 3 and the SHG device 
2 and the couphng misahgnment increases with increasing the distance of 
5 the swelling of the SHG device 2 toward the semiconductor laser 3 during a 
temperature rise. According to the present embodiment, since the position 
of the adhesive layer 11 can be controlled at the position of 0.2 mm from the 
incident end face of the SHG device 2, the swelling amount in the optical 
axis direction during the temperature rise from 25°C to 80°C is no more 

10 than 0.1 \xm. Therefore, the possibihty of the couphng misahgnment and 
the breakage due to contact between the SHG device 2 and the 
semiconductor laser 3 is significantly low. 

The following describes various types of reUabihty of the SHG blue 
laser module manufactured according to the present embodiment. In order 

15 to allow the SHG blue laser module to be mounted on an optical disc device, 
various types of rehabihty under storage and under operating conditions 
should be ensured. 

Firstly, the reliability of the coupled power under storage 
environment and of the blue hght output is described below. For the SHG 

20 blue laser module manufactured according to the present embodiment, 
rehabihty tests of the coupled power were conducted, including a 
high-temperature continuous test (100°C x 500 H) and a heat cycle test 
(-45°C to SO^'C (l cycle) x 200 cycles) and a test under high temperature and 
high humidity environment (60''C, 90% x 500 H). As a result, it was 

25 confirmed that the coupled power after the above-stated rehability tests was 
stable without a change. Thus, it was shown by the tests that the module 
configuration of the present embodiment had sufficient rehabihty. 

When mounting to an optical disc device, temperature 
characteristics of the SHG laser module also are important. While the 

30 operating temperature of the SHG laser module was varied from 10 to 60°C, 
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the coupled power characteristics of the infrared light were measured. Fig. 
3A and Fig. 3B show the temperature characteristics of the transmission 
efficiency of the SHG device from lO^C to 60^C. Fig. 3A shows the 
temperature characteristics of the SHG device in the module where the 
5 position of the adhesive layer, i.e., the distance D of Fig. l,was 0.5 mm. 
The transmission efficiency is the value obtained by dividing the infrared 
coupled output of the finished module by the output of the infrared Ught 
fi-om the semiconductor laser alone. Deterioration of the transmission 
efficiency indicates degradation of the temperature characteristics of the 
10 module. 

From Fig. 3A, it is found that as a temperature change with 
reference to a room temperature increases, the deterioration of the 
transmission efficiency increases. The deterioration in couphng due to an 
increase of the propagation loss within the optical waveguide during the 

15 temperature change or due to a change of the spot size of the laser and the 
guided mode size of the optical waveguide are so small that they can be 
ignored. Therefore, it can be considered that the deterioration of the 
transmission efficiency results from the deterioration of the coupling 
efficiency because the secured position of the SHG device 2 changes because 

20 of the thermal expansion and contraction of the SHG device, the adhesive 
layer and the Si sub-mount during the temperature change. 

On the other hand, the module of the present embodiment, in which 
the position of the adhesive layer was close to the outgoing end of the 
semiconductor laser 3, was free from the degradation of the temperature 

25 characteristics of the transmission efficiency of the SHG blue laser module 
from WC to 60°C, and a stable transmission efficiency independent of 
temperatures coidd be obtained. That is to say, it was confirmed that the 
coupled power was stable even under the module operating environment 
(herein from lO^^C to 60°C), and it was shown that the module configuration 

30 of the present embodiment had favorable temperature characteristics. 



In the present embodiment, an example of a short wavelength laser 
module in which the wavelength tunable DBR semiconductor laser 3 and 
the optical waveguide QPM-SHG device 2 were coupled directly is described. 
However, this is not a limited example, and the idea of the present 
5 embodiment is appUcable similarly to other embodiments as long as it 
concerns a laser module in which a semiconductor laser and an optical 
waveguide device are coupled directly. For instance, the present 
embodiment is apphcable to all types of semiconductor lasers irrespective of 
the types and wavelengths of semiconductor lasers. Also, as for the optical 

10 waveguide devices, the present embodiment is not Umited to a ridge type 
optical waveguide but is appUcable to the case of all types of optical 
waveguide devices used, including a proton exchanged optical waveguide 
and an optical fiber. Also for a material of a substrate of the optical 
waveguide device, the present embodiment is not Hmited to LiNbOa but is 

15 apphcable to the case of other optical waveguide materials used such as a 
quartz based optical waveguide. 

Further, the laser module of the present embodiment is not Hmited 
to the application to an optical disc device, but is apphcable to aU types of 
direct coupling type optical waveguide laser modules in the field of optical 

20 communication and the hke. 

Although the above embodiment shows an example where Si and Cu 
having excellent thermal conductivity are used as materials of the 
sub-mount 10 and the package 9, the materials are not limited to these. In 
order to minimize the distortion of the module due to heat, it is more 

25 desirable that a sub -mount material and a package material that have 
linear expansion coefELcients closer to that of the optical waveguide device 
material be selected. 

The method for forming the first groove 12 on the sub-mount 10 is 
not limited to the above-stated etching, but the formation using a cutter or 

30 the like also is apphcable. 
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Further, in the above-stated example, the first groove 12 of 0.2 mm 
in width is formed so that the adhesive layer 11 close to the incident end of 
the SHG device 2 can be aUgned at the position of 0.2 mm from the outgoing 
end face of the semiconductor laser 3. Regarding this, by decreasing the 
5 width of the first groove 12 so as to increase the proximity to the 

semiconductor laser 3, the reliability of the coupled power at a stiU higher 
temperature rise (lOO'^C or higher) can be ensured. Further, the 
optimization of the application amount of the adhesive, which makes the 
length of the adhesive layer 11 in the width direction of the SHG device 2, 
10 i.e., the direction perpendicular to the optical axis, equal to the width of the 
SHG device 2, can maximize the adhesive strength, which is effective for 
ensuring the reliabiLLty of the coupled power. 
Embodiment 2 

A SHG blue laser module according to Embodiment 2 will be 

15 described below, with reference to Figs. 4A and 4B. This laser module has 
the basic configuration similar to that of Embodiment 1 shown in Figs. lA 
and IB. Therefore, the same reference numerals are assigned to similar 
elements to simplify their explanations. Also in this embodiment, similarly 
to Embodiment 1, an optical waveguide device is an optical waveguide 

20 QPM-SHG device 2 manufactured using a MgO-doped LLNbOa substrate 4, 
and a semiconductor laser 3 is a DBR semiconductor laser having a 
wavelength tunable function, which is described below as one example. 

In the present embodiment, the SHG device 2 is secured on a Si 
sub -mount 10 at two positions of an adhesive layer 11 and an adhesive layer 

25 13, made of an ultraviolet curing adhesive. Then, similarly to Embodiment 
1, the present embodiment has the configuration where the position of the 
adhesive layer 11 on one side is controlled dose to the outgoing end of the 
semiconductor laser 3 by a first groove 12 provided in the sub-mount 10. 
With this configuration, the stability of the coupled power of the basic wave 

30 and the blue Hght output during a temperature change of the module can be 
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ensured. The adhesive layer 13 on the other side is disposed close to the 
outgoing end of the SHG device 2. 

As stated above, in the conventional module configuration, since the 
position of the adhesive layer 11 at the incident end cannot be controlled, 
5 the coupled power and the blue light output deteriorate because of distortion 
of materials due to a temperature change of the niodule or heat applied at 
the time of securing to a package. Especially, in the case where the SHG 
device 2 is secured at two positions as in the present embodiment, there is 
no position to release a stress because the module materials are distorted 

10 where the two secured points serve as base points. For that reason, 
compared with the case of securing at one position, the position of the 
adhesive layer significantly affects the deterioration of the coupling. Fig. 5 
shows a relationship of the infirared hght coupled output with respect to a 
distance D between the outgoing end face of the semiconductor laser 3 and 

15 the end of the adhesive layer 11. As shown in Fig. 5, as compared with the 
case of securing at one position of Fig. 2, the coupling misalignment 
occurring after the securing to the package depends on the distance between 
the adhesive layer 11 and the semiconductor laser 3 more remarkably. 

Therefore, the configuration with the first groove 12 (width 0.2 mm x 

20 depth 50 (xm) formed parallel to the outgoing end face of the semiconductor 
laser 3 on the Si sub-mount 10, which is for avoiding the coupling 
misalignment and for avoiding the coming around of the adhesive, is much 
more effective than Embodiment 1 concerning the effect of the avoiding of 
the coupling misalignment. 

25 The configuration of securing the SHG device at two positions is 

especially effective for recording/reproducing with respect to an optical disc 
with two recording layers when the SHG laser is mounted on an optical disc 
device. That is, it is necessary for optical pickups to have excellent signals 
even at the time of a temperature change of a drive. In the case of the 

30 application to the optical disc device, the stability of a luminous point 

20 



against a temperature change of the module is required. In an optical disc 
system with two recording layers and a large NAlens (e.g., NA=0.85, 
wavelength- 410 nm), the displacement amount of a luminous point relative 
to the temperature change of -lO'^C to TO'^C (±40°C) should be controlled 
5 within ±1 |im both in the horizontal direction and the vertical direction. A 
large displacement amount of the luminous point causes the failure of the 
tracking servo for an optical disc, thus making a reproducing/recording 
operation unstable. 

Normally, however, optical pickups are vulnerable to the 

10 displacement of the luminous point due to a temperature change. 

Especially, in the case of a SHG blue laser with the SHG device 2 secured at 
one position dose to the incident end, the displacement amount of the 
luminous point tends to increase due to a bimetal effect. For instance, a 
measurement result of 1 |im or more of the displacement amount of the 

15 luminous point has been obtained when the temperature changed by ±40''C. 
As a result, in some cases, the displacement of the luminous point exceeds 
the tolerance of a blue hght double-layered disc, resulting in a failure of the 
servo. 

On the other hand, when the SHG device 2 is secured also at a 
20 position close to the outgoing end face, the bimetal effect can be suppressed, 
thus suppressing the displacement of the liuninous point, whereby excellent 
signals can be obtained. For instance, a measurement result of the 
displacement amount of the luminous point of 1 |j.m or less has been 
obtained when the temperature changed by ±40°C. Therefore, it is 
26 signij&cantly important for a blue laser modide used in an optical disc device 
ready for double layered discs to secure the SHG device 2 at least at two 
positions including positions close to the incident and outgoing end faces. 

Not only in the field of optical discs but also in other fields of 
printers and exposures, it is desirable to secure a position dose to a 
30 luminous point. This is because since the device design and the positioning 
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of components are performed with reference to the luminous point of a laser 
light source, the displacement of the luminous point due to heat leads to a 
high possibihty of operational problems of all products. Therefore, the 
module with two secured positions has excellent usefulness because the 
5 displacement amount of the luminous point due to a temperature change is 
small. 

As stated above, according to the present embodiment, the reliability 
of the coupled power and the blue Ught power at the time of a temperature 
change can be ensured, while the displacement amount of a luminous point 

10 can be suppressed within a desired range. Therefore, the present 
embodiment is more practical than Embodiment 1. 

In order to enhance the reliability of the configuration secured at 
two positions, it is eflfective that the area of the adhesive layer 11 on the 
incident end side is made larger than the area of the adhesive layer 13 on 

15 the outgoing end side. Since the couphng misalignment is ascribable 

mainly to the displacement of the SHG device 2 on the incident end side, it 
is significantly effective to increase the adhesive strength by increasing the 
area of the adhesive layer 11 on the incident end side. 

Further, in addition to the securing at two positions, securing at 

20 three positions where another secured position is provided at a center 
portion of the SHG device 2, the securing by the entire face of the SHG 
device 2 and the like are possible in order to alleviate the distortion due to 
thermal expansion. However, if the secured positions are increased, 
problems would occur such that a cycle time increases or the amount of an 

25 adhesive increases, which may result in a failure of orderly alignment of the 
SHG device 2. Therefore, the securing at two positions is the best for the 
securing at plural positions. 

Further, when securing the SHG device 2, the curing of the adhesive 
layer 11 on the incident end side prior to the curing of the adhesive layer 13 

30 on the outgoing end side is significantly effective for improving the 
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assembling yields of the SHG device 2. This is because such a procedure 
allows the displacement of the optical coupling to be avoided, which occurs 
due to heat generated when the adhesive layer 11 on the outgoing end side 
is irradiated with ultraviolet rays. 
5 Herein, it is effective to replace the Si sub-mount 10 in Figs. 4A and 

4B with a Si sub-mount 14 shown in Figs. 6A and 6B. The Si sub-mount 14 
has a second groove 15 formed at a position corresponding to the adhesive 
layer 13 on the outgoing end side. Thereby, the adhesive layer 13 for 
securing the SHG device 2 on the outgoing end side can be aligned 

10 accurately in the optical axis direction. As the proximity of the adhesive 
layer 13 to the outgoing end face of the SHG device 2 increases, the 
displacement amount of the luminous point decreases. Therefore, the 
position of the second groove 15 may be determined in accordance with the 
tolerance of the displacement of the luminous point, so as to control the 

15 position of the adhesive layer 13. 
Embodiment 3 

A method for manufacturing a SHG blue laser module according to 
Embodiment 3 will be described below, with reference to Figs. 7A and 7B. 
This manufacturing method is targeted at a laser module having the 

20 configuration where the SHG device 2 is secured at two positions as shown 
in Figs. 4A and 4B. According to the present embodiment, when the SHG 
device 2 is secured to the Si sub-mount 10 at two positions, firstly, the SHG 
device 2 is secured at one position close to the incident end of the SHG 
device 2 using an adhesive. Next, following the securing of the sub-mount 

25 10 to the metal package 9, the SHG device 2 on the outgoing end side is 
secured using an adhesive. With this procedure, the function of the first 
groove 12 formed in the sub-mount 10 can be exploited, and an influence of 
distortion due to heat applied during the manufacturing process can be 
reduced. 

30 Firstly, as shown in Fig. 7A, the first groove 12 is formed at a 



surface of the Si sub -mount 10. Next, with reference to the first groove 12, 
the wavelength tunable semiconductor laser 3 is mounted. 

Next, as shown in Fig. 7B, the SHG device 2 is mounted on the Si 
sub-mount 10 accurately with respect to the semiconductor laser 3. At this 
5 time, the SHG device 2 is secured at one position on the incident end side 
using the adhesive layer 11 made of an ultraviolet curing resin that is 
formed with reference to the first groove 12. Since the adhesive layer 11 is 
aligned using the first groove 12, the SHG device 2 can be secured while 
keeping a distance of 0.2 mm from the outgoing end face of the 

10 semiconductor laser 3. 

Next, as shown in Fig. 7C, the sub-mount 10, on which the 
semiconductor laser 3 and the SHG device 2 have been mounted, is secured 
at a predetermined position of the package 9 by thermally curing the Ag 
paste 8 at 80°C for 2 hours. 

15 Next, as shown in Fig. 7D, an ultraviolet curing resin is poured into 

a gap between the sub-mount 10 and the SHG device 2 at a room 
temperature, followed by curing of the poured adhesive by the irradiation 
with ultraviolet rays, whereby the SHG device 2 is secured at a position 
dose to the outgoing end face using the adhesive layer 13. 

20 As compared with a method of securing the SHG device 2 to the Si 

sub-mount 10 at two positions, followed by the securing of the sub-mount 10 
to the metal package 9, this manufacturing method realizes higher stability 
of the manufactured SHG blue laser module at a room temperature. That 
is, when the Si sub -mount 10 is heated to 80°C for securing to the package 9, 

25 which is then allowed to reach a room temperature, each of the SHG device 
2, the Si sub-mount 10 and the metal package 9 becomes distorted because 
of a difference in the hnear expansion coefficient therebetween. At this 
time, if the SHG device 2 is secured at two positions, such distortion cannot 
be released, which may lead to a tendency for a partial stress to be appHed, 

30 thus causing the coupling misalignment. On the other hand, according to 
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the manufacturing method of the present embodiment, the above procedure 
is performed on the SHG device 2 that is secured at one position of the 
incident end portion, and therefore the tendency for partial stress to be 
applied can be decreased. Therefore, the coupHng misalignment can be 
5 suppressed. 
Embodiment 4 

A method for manufacturing a SHG blue laser module according to 
Embodiment 4 will be described below, with reference to Figs. 8A and 8B. 
This manufacturing method also is targeted at a laser module having the 

10 configuration where the SHG device 2 is secured at two positions as shown 
in Figs. 4A and 4B. According to the present embodiment, the Si 
sub-mount 2 firstly is secured to the package 9, and then the SHG device 2 
is secured to the Si sub-moimt at two positions. Thereby, as compared with 
the manufacturing method of Embodiment 3, the module becomes more 

15 resistant to an influence of the distortion due to heat, whereby high 
rehabihty of the coupled power can be ensured. 

Firstly, as shown in Fig. 8A, the first groove 12 is formed at a 
surface of the Si sub-mount 10. Next, with reference to the first groove 12, 
the wavelength tunable semiconductor laser 3 is mounted. 

20 Next, as shown in Fig. SB, the sub-mount 10 is secured at a 

predetermined position of the package 9 by thermally curing the Ag paste 8 
at 80^0 for 2 hours. 

Next, as shown in Fig. 8C, at a room temperature, the SHG device 2 
is mounted on the sub-mount 10 secured in the package 9 accurately with 

25 respect to the semiconductor laser 3. At this time, the SHG device 2 is 

secured at one position on the incident end side using the adhesive layer 11 
made of an ultraviolet curing resin that is formed with reference to the first 
groove 12. Since the adhesive layer 11 is ahgned using the first groove 12, 
the SHG device 2 can be secured while keeping a distance of 0.2 mm from 

30 the outgoing end face of the semiconductor laser 3. 
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Next, as shown in Fig. 8D, an ultraviolet curing resin is poured into 
a gap between the sub-mount 10 and the SHG device 2, followed by curing of 
the poured adhesive by the irradiation with ultraviolet rays, whereby the 
SHG device 2 is secured at a position close to the outgoing end face using 
5 the adhesive layer 13. 

The reasons for the greater stability of the module at a room 
temperature of the SHG blue laser manufactured by the method of the 
present embodiment than the module manufactured by the method of 
Embodiment 3 follow- that is, in Embodiment 3, at the time of the heat 

10 treatment at SO^'C for securing the sub-mount 10 to the package 9, the SHG 
device 2 is secured at one position close to the incident end side. Even one 
secured position may cause sHght distortion in the SHG device 2 because of 
a difference in hnear expansion coefficients of the SHG device 2, the Si 
sub -mount and the metal package when they are allowed to reach a room 

15 temperature. 

On the other hand, according to the manufacturing method of the 
present embodiment, since the heat treatment is appUed prior to the 
securing of the SHG device 2, the SHG device 2 can be free from a stress 
resulting from the distortion due to a difference in Hnear expansion 

20 coeflELcients between elements. Therefore, for a laser module obtained by 
securing the SHG device 2 at two positions close to the incident and 
outgoing ends and then by packaging, high reliability at a room temperature 
can be reahzed. 

Herein, in the present embodiment, a method of securing the SHG 
25 device 2 concurrently at two positions dose to the incident end and the 
outgoing end thereof using an ultraviolet curing resin also can be used. 
Embodiment 5 

A laser modide according to Embodiment 5 will be described below, 
with reference to Figs. 9A and 9B. This laser module has an improved 
30 configuration relative to that shown in Figs. lA and IB. The improved 
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point is that a third groove 17 is formed in a Si sub-mount 16 to be parallel 
to the first groove 12. The third groove 17 is positioned at a region 
corresponding to the incident end side of the SHG device 2 and between the 
first groove 12 and the outgoing end face of the SHG device 2. The first 
5 groove 12 and the third groove 17 have a width of 0.2 mm and a depth of 50 
|im, which are formed by etching. A distance LI between the third groove 
and the first groove 12 is set within a range of 1 mm < LI < L/2, where L 
denotes the length of the SHG device 2. 

As described in Embodiment 1, the provision of the first groove 12 

10 allows the securing of the SHG device 2 while keeping a distance between 
the semiconductor laser 3 and the adhesive layer 11 at 0.2 mm. Further, 
the provision of the third groove 17 enables the control of the bonding area. 
That is, desired dimensions of the adhesive layers and such a bonding area 
can be obtained accurately by appropriate setting of the distance Ll. 

15 As one example according to the present embodiment, the module 

was manufactured where Ll = 2mm. Thereby, the dimension of the 
adhesive layer 11 in the longitudinal direction of the SHG device 2 could be 
controlled constant, so that a stable adhesive strength could be obtained. 
Further, by forming a pair of symmetric grooves, a thickness distribution of 

20 the adhesive layer 11 could be made imiform and a more stable adhesive 
strength could be obtained. In order to achieve a sufficient adhesive 
strength, Ll > 1 mm was effective. 
Embodiment 6 

A laser module according to Embodiment 6 will be described below, 
25 with reference to Figs. lOA and lOB. This laser modxile has an improved 
relative to the configuration with two secured positions shown in Figs. 6A 
and 6B. The improved point is that a third groove 17 is formed parallel to 
the first groove 12 and a fourth groove 19 is formed parallel to the second 
groove 15 in the Si sub-mount 18. The third groove 17 is similar to that in 
30 Embodiment 5. The fourth groove 19 is positioned at a region 



corresponding to the outgoing end side of the SHG device 2 and between the 
second groove 15 and the incident end face of the SHG device 2. 

Similarly to the third groove 17, the fourth groove 19 is provided for 
controlling the bonding area. That is, in the present embodiment, the 
5 provision of the second groove 15 and the fourth groove 19 allows the 

bonding area and the shape of the adhesion to be controlled desirably. Tb 
this end, a distance L2 between the second groove 15 and the fourth groove 
19 is set within a range of 1 mm < L2 < L/2, where L denotes the length of 
the SHG device 2. 

10 As one example according to the present embodiment, the module 

was manufactured where Ll and L2 were designed as LI = 3 mm and L2 = 2 
mm. Thereby, the dimensions of the adhesive layers 11 and 13 on the 
incident end side and the outgoing end side in the longitudinal direction of 
the SHG device 2 could be controlled constant. The thus manufactured 

15 laser module could have stable dimensions of the adhesive layers and such 
an adhesive strength. Further, by forming a pair of symmetric grooves, a 
thickness distribution of the adhesive layers could be made uniform and 
therefore a more stable adhesive strength could be obtained. 

According to the module configuration stated in the present 

20 embodiment, an influence of the distortion due to a temperature change can 
be reduced, and strengths of the adhesives on the incident end side and the 
outgoing end side can be enhanced more. In order to achieve a sufficient 
adhesive strength on the outgoing end side of the SHG device 2, L2 > 1 mm 
was effective. 

25 Embodiment 7 

A laser module according to Embodiment 7 will be described below, 
with reference to Fig. 11. This laser modiile has an improved configuration 
relative to that shown in Figs. IDA and lOB. The improved point is that 
first to fourth grooves 21 to 24, formed in the Si sub-mount 20, have a shape 

30 widened at both end portions and not a uniform width. 



With this shape of grooves, the both end portions with increased 
widths function as a reservoir for the adhesive. Therefore, even when an 
extra amount of the adhesive is apphed, this configuration can reduce the 
chances of the adhesive flowing onto the end face of the semiconductor laser 
5 3. 

Embodiment 8 

A laser module according to Embodiment 8 will be described below, 
with reference to Figs. 12A and 12B. This laser module has a configuration 
where an optical fiber 25 is used as an optical waveguide device in lieu of 

10 the SHG devices in the above-stated embodiments. The basic configuration 
is the same as that shown in Figs. 4A and 4B, in which the position of the 
adhesive layer 11 can be controlled by the first groove 12 formed in the 
sub -mount 10. The adhesive layer 11 allows the incident end face of the 
optical fiber 25 to be secured to the sub-mount 10 and to be aligned with 

15 respect to the outgoing end face of the semiconductor laser 3. The outgoing 
end side of the optical fiber 25 also is secured to the sub-mount 10 by the 
adhesive layer 13. 



INDUSTRIAL APPLICABILITY 

20 According to the present invention, an adhesive layer for securing an 

optical waveguide device can be positioned within a preferable area, 
whereby coupling misahgnment resulting firom the distortion due to a 
temperature change can be suppressed. As a result, high rehability of the 
infrared light coupled output and the blue light output imder storage 

25 environment and operating environment can be ensured, and a laser module 
suitable for optical pickups or the hke can be manufactured with good 
jdelds. 
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